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ABSTRACT |
A downhole motor of the progressive cavity, or Moi-
neau, type. The motor has a stator, and a rotor within

‘the stator. The rotor rotates and gyrates in response to

fluid flow through the stator. A shaft is located within
a housing which is connected to the stator. A flexible
rod extends between the rotor and the shaft for translat-

ing the rotation and gyration of the rotor to the true
rotation of the shaft. The rod has an upset section on
each end, and upper and lower connections connect the
upset sections of the rod to the rotor and to the shaft.
The connections are nonintegral to the rod, and are
made of a different material from the rod. |

5 Claims, 4 Drawing Figures
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. 1
'DOWNHOLE PROGRESSIVE CAVITY TYPE
DRILLING MOTOR WITH FLEXIBLE

- CONNECTING ROD .

BACKGROUND OF THE INVENTION
1. Field of the Invention -

4,636,151

‘This invention relates in general to downhole dnllmg "

motors of the progressive cavity type.
2. Description of the Prior Art
‘Downbhole drilling motors have been used for many

10

years in the drilling of oil and gas wells. In the usual

case, the shaft of the motor and the drill bit will rotate
with respect to the housing of the drilling motor. The

~ string extends to the surface, where it is connected to a

kelly, mounted in the rotary table of a drilling rig. Dril- '

ling fluid is pumped down through the drill string to the

bottom of the hole, and back up the annulus between 4
~ the drill string and the wall of the bore hole. The dril-
 ling fluid cools the drilling tools and removes the cut-

tings resulting from the drilling operation. If the down-
hole drilling motor is a hydraulic motor, the drilling

- fluid also supphes the hydraullc power to operate the

| motor.

~ pressive cavity type, also known as the Moineau motor.
These devices are well known in the art and have a
helical rotor within the cavity of a stator, which is con-

2

can be large enough for connection to the rotor and to
the shaft, and yet the flexible rod can provide adequate

~ flexing in a shorter length. The flexible rod may also be

protected by a protective covering. |
~ The above, as well as additional objects, features, and
advantages of the invention, will become apparent in
the following detailed description.

BRIEF DESCRIPT ION OF THE DRAWINGS

FIGS. 1a, 15, and 1c are a sectional view, from top to
bottom, of a drilling motor according to the invention.
- FIG. 2 is a side view, partially in section, of a con-

- necting rod assembly according to the invention.

20

25

housing is connected to a conventional drill string com- 13

posed of drill collars and sections of drill pipe. The drill

DESCRIPTION OF THE PREFERRED
| EMBODIMENT

connected to the lower end of a drill string 13. The drill
string 13 consists of drill collars and sections of drill
pipe, and extends upward through the well bore to a

 drilling rig at the surface. Drilling fluid, or mud, is
- pumped downward through the bore 15 of the drill

string 13 into the bore 17 of the bypass valve 11, forcing

- a shuttle 18 downward to close off bypass ports 21 and

to direct the drilling fluid downward into a downhole .

~ drilling motor 19. The b rts 21 allow drilling
One type of hydrauhe downhole motor is the pro- 5 MmOt © Dypass ports ow d g

fluid to exit from the bore 15 of the drilling string 13

~ when tripping out of the hole, and to fill the bore 15 of

30

nected to the housing of the motor. As the drilling fluid

is pumped down through the motor, the fluid rotates the
rotor. As the helical rotor rotates, it also gyrates, or
orbits, in the reverse dlrectlon relative to its rotation.
Some type of universal connection must be used to
connect the gyrating rotor to the non-gyratmg shaft of
the motor.

One type of connector utilizes a pair of universal
joints which connect a straight rod to the rotor and to
the shaft. The universal sections are designed to take

only torsional load. A ball and race assembly is used to

35

the drilling string 13 when tripping into the hole. |
- The housing of the downhole drilling motor 19 has

three parts. The upper housing 23 is connected to the
lower end of the bypass valve 11, and houses the pro-
gressive cavity motor. The progressive cavity motor
has a flexible stator 25, which is connected to the upper

" housing 23, and a helical rotor 27. The drilling fluid

flows downward through the cavities 29 between the

~ stator 25 and the rotor 27 and causes the rotor 27 to

take the thrust load. Rubber boots are clamped over the

universal sections to keep drilling fluid out of the ball

race assembly. Most assemblies of this type also require

oil reservoir systems to lubricate the ball race and uni-
- versal joints. Problems exist with the rubber boot sys-
‘tems. Boots may loosen and come off, allowing drilling

fluid to enter and wear out the ball race assembly. That

- forces the universal joints to take torsional and trust
loads, causing premature failure. Other motors have
had long, flexible shafts, which flex to compensate for
the gyration of the rotor. However, when these shafts
are long enough to provide sufficient flexing, the over-
all length of the motor is excessive. A need existed for
a connecting rod which was sufficiently flexible, w1th-_
out being excesswely long

SUMMARY OF THE INVENTION

In a downhole dn]hng motor of the progresswe cav-
ity type, the rotor is connected to the shaft by a con-
necting rod assembly. An upper connection is noninte-
gral to, but connected to the upset section of a flexible
rod, for connectmg the rod to the motor. A lower con-
nection is nonintegral to, but connected to the other

upset end of the rod, for connecting the rod to the shaft.
The three piece construction of the connecting rod

45

- the connecting rod housing 39 and completes the hous-

rotate.
The rotor 27, shown in FIG. lb gyrates, or orblts, |
it rotates. A connecting rod assembly 33 connects the

lower end 31 of the rotor 27 to a rotating shaft cap 35

which is firmly connected to the lower end of the upper
housing 23 and covers the connecting rod assembly 33.
A bearing housing 41 is connected to the lower end of

ing of the drilling motor 19. The shaft 37 is concentn-

- cally located within the bearing housing 41.

50

The lower end of the drilling motor 19 is shown i in
FIG. 1c. Various radial bearings 43 and thrust bearings
45 transmit loads between the rotating shaft 37 and the
relatively nonrotating bearing housing 41. The rotating

- shaft 37 is connected to a rock bit 47, which cuts the

33

bore hole as it rotates. In order to drive the rock bit 47
properly, the shaft 37 must rotate with a true rotation

- about the longitudinal axis 49 of the shaft 37 and the
housing 41.

65

‘assembly allows the flexible rod and the connections to

be made of different materials. Thus, the connections

The connecting rod assembly 33 is shown In greater
detail, and partially in section, in FIG. 2. The connect-
ing rod assembly 33 must translate the rotation and
gyration of the rotor 27 to the true rotation of the shaft
37. A flexible rod 51 extends from the lower end 31 of
the rotor 27 to the upper end 35 of the shaft 37. The

flexible rod 51 must withstand the motor thrust and

torque loads, and yet be flexible enough to allow for the
eccentricity between the rotor 27 and the shaft 37. Each
end of the flexible rod 51 has an upset section 53 to
reduce stress at the ends, where bending loads are the

Referring first to FIG. 1, a bypass valve 11 is shown o
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highest. An upper connection 55 and a lower connec-
tton 57 are connected to the upset sections 53 of the
flexible rod §1. The connections 85, 57 may be secured
to the rod 51 in any of several methods, including inter-
ference fit, threads, or pins 59, such as are shown in
FIG. 2. The connections 85, 57 have threads 61 for
connection to the rotor 27 and to the shaft 37. The
connections 35, 57 also have a plurality of machined
flats 63 to facilitate assembly of the drilling motor 19.

A covering 65 of rubber or other flexible material is
placed around the rod 31 to fill the space between the
rod 51 and the connections 55, §7. The covering 65
protects the flexible rod 51 and supports the rod 51 at
each end where bending stresses are the highest. The
surface of the flexible rod 51 also may be worked, such
as by shot peening, or protective coatings may be ap-
plied, to increase the life of the fiexible rod 51 by reduc-
ing surface stresses and by protecting against corrosion
and damage due to handling.

During operation, drilling fluid circulates through
the drilling motor 19 to rotate the rotor 27. As the rotor
27 rotates, the lower end 31 of the rotor 27 also gyrates
or orbits. The connecting rod assembly 33 must trans-
late the rotation and gyration of the rotor 27 to the true
rotation of the shaft 37. The flexible rod 51 bends and
flexes to compensate for the eccentricity between the
rotor 27 and the shaft 37.

The downhole drilling motor 19 of the invention has
several advantages over the prior art. Since the con-
necting rod assembly 33 operates as a unit, there is no
wear between the various parts. Since the connecting
rod 31 and the connections 53, 57 are not integral, they
may be made from different materials. This fact allows
for the selection of an optimum material for the flexible

rod 31 and for the connections 8§, 57. The connecting
rod assembly 33 is shorter than the prior art flexible

shafts, thus shortening the overall length of the down-
hole motor 19. |

While the invention has been shown in only one of its

forms, 1t should be apparent to those skilled in the art
that it is not so limited, but is susceptible to various
changes and modifications without departing from the
spirit thereof.

I claim:

1. A downhole drilling motor, comprising:

a stator of the progressive cavity type;

a rotor, within the stator, wherein the rotor rotates
and gyrates in response to fluid flow through the
stator;

a housing, connected to the stator;

a shaft-concentrically located within the housing and
rotatable about the longitudinal axis of the shaft
and the housing; |

a plurality of bearings between the housing and the
shaft;

a flexible rod, extending between the rotor and the
shaft, for translating the rotation and gyration of
the rotor to the true rotation of the shaft;

an upper threaded comnnection, nonintegral to, but
connected to one end of the rod, for connecting the
rod to the rotor; and

a lower threaded connection, nonintegral to, but
connected to the other end of the rod, for connect-
ing the rod to the shaft.

2. A downhole dnlling motor, comprising:

a stator of the progressive cavity type;
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a rotor, within the stator, wherein the rotor rotates
and gyrates in response to fluid flow through the
stator;

a housing, connected to the stator;

a shaft concentrically located within the housing
below the rotor and rotatable about the longitudi-
nal axis of the shaft and the housing;

a plurality of bearings between the housing and the
shaft;

a flexible rod, extending between the rotor and the
shaft, for translating the rotation and gyration of
the rotor to the true rotation of the shaft;

an upper threaded connection, nonintegral to, but
connected to one end of the rod, for connecting the
rod to the rotor; and

a lower threaded connection, nonintegral to, but
connected to the other end of the rod, for connect-
ing the rod to the shaft.

3. A downhole drilling motor, comprising:

a stator of the progressive cavity type;

a rotor, within the stator, wherein the rotor rotates
and gyrates in response to fluid flow through the
stator;

a housing, connected to the stator;

a shaft concentrically located within the housing and
rotatable about the longitudinal axis of the shaft
and the housing;

a plurality of bearings between the housing and the
shaft;

a flexible rod, extending between the rotor and the
shaft, for translating the rotation and gyration of
the rotor to the true rotation of the shaft, said rod
having an upset section at each end;

an upper threaded conmnection, nonintegral to, but
connected to one upset section of the rod, for con-
necting the rod to the rotor; and

a lower threaded connection, nonintegral to, but
connected to the other upset section of the rod, for
connecting the rod to the shaft.

4. A downhole drilling motor, comprising;:

a stator of the progressive cavity type;

a rotor, within the stator, wherein the rotor rotates
and gyrates in response to fluid flow through the
stator;

a housing, connected to the stator;

a shaft concentrically located within the housing and
rotatable about the longitudinal axis of the shaft
and the housing;

a plurality of bearings between the housing and the
shaft;

a flexible rod, extending between the rotor and the
shaft, for translating the rotation and gyration of
the rotor to the true rotation of the shaft, said rod
having an upset section at each end;

an upper threaded connection, nonintegral to, but
connected to one upset section of the rod, for con-
necting the rod to the rotor;

a lower threaded connection, nonintegral to, but
connected to the other upset section of the rod, for
connecting the rod to the shaft; and

a flexible, protective covering around the rod.

3. A downhole drilling motor, comprising:

a stator of the progressive cavity type;

a rotor, within the stator, wherein the rotor rotates
and gyrates 1n response to fluid flow through the
stator; |

a housing, connected to the stator;
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a shaft concentrically located within the housing and an upper connection, nonintegral to, but threaded
rotatable about the longltudmal axis of the shaft connected to one upset section of the rod, for con-
~and the housing; necting the rod to the rotor, wherein said upper
a plurality of beanngs between the housmg and the ~ connection 1s a different matenal from the rod; and
shaft; | 5 a lower connection, nonintegral to, but threaded
a flexible rod, extending between the rotor and the connected to the other upset section of the rod, for
- shaft, for translating the rotation and gyration of connecting the rod to the shaft, wherein said lower
~the rotor to the true rotation of the shaft, satd rod “connection 1s a different material from the rod.
- having an upset section at each end; | | *# % *x 3 3
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